The calcifying epithelial odontogenic tumor (CEOT) is a rare and benign odontogenic epithelial neoplasm. This tumor accounts for less than 1% of all odontogenic tumors. It normally affects patients between 30 and 50 years old, and it is typically located in the posterior region of the mandible. Involvement of the maxillary sinus has previously been published only in six cases. This report presents a single case of CEOT that invades the maxillary sinus in a 69-year-old male. We performed a left partial maxillectomy and immediate reconstruction of the defect with a temporalis muscle flap. A comprehensive immunohistochemical study was reported. No recurrences have been found after 8 years of follow-up.
Introduction
The calcifying epithelial odontogenic tumor (CEOT) was first described by the Danish pathologist Jens Jørgen Pindborg in 1955 [1] . It is considered a rare and benign odontogenic neoplasm, and its origin is exclusively epithelial [2] . Its etiology is unclear, but three theories are accepted: remanent epithelial cells in the intermediate layer of the enamel organ, a disordered immune response to the intermediate layer cells or epithelial remnants of the primitive dental lamina [2] [3] .
The CEOT represents about 1% of all odontogenic tumors [1] [4]- [6] , with a peak prevalence in the third and fifth decades [2] [7] , but some unusual cases have been reported in the first decade and beyond the seventh decade of life [6] . Most authors have found no difference by gender [2] [3] [5] [7] , however, Ostern et al. [6] in a recent study, reported that odontogenic tumors seem to show a geographic variation whenever the CEOT's show a male-female ratio 1.7:1.
Two clinico-topographic variants have been reported in the English literature, the intraosseous and extraosseous, with an incidence of 94% and 6% respectively [8] [9] . The intraosseous or central variant has a mandible-maxilla ratio 3:1 [2] [3] [6] , being the molar region 3 times more common than the premolar [2] [3] . This variant is associated with unerupted teeth in 52%-54% of the cases [3] [5] . The peripheral extraosseous variant is most frequently seen in the gingiva and the anterior region of mandible [1] [8] , being this variant less aggressive [5] . There have been less than 40 documented cases of CEOTs that were immunohistochemically investigated with a variety of antibodies [10] .
Here, we report a case of an elderly patient affected by a CEOT located in the posterior maxilla with maxillary sinus extension. A comprehensive immunohistochemical study was discussed and a review of the literature on the main features of this neoplasm was done.
Case Report
A 69-year-old male presents as an outpatient in June 2003, with a painless swelling and slow maxillary growth with an uncertain time of disease evolution. He refers a medical history of high blood pressure and dyslipidemia. A month before, he had his upper left first molar removed by his dentist. The clinical examination shows a painless swelling of about 4 × 3 cm which affected the entire left maxillary molar region and it was fluctuating on palpation.
The orthopantomogram revealed the existence of a radiolucency consistent with an odontogenic cyst, and unerupted upper third molars (Figure 1 ). Computed tomography (CT) scan showed an osteolytic image about 4cm in diameter with destruction of the anterior and lateral walls of the left maxillary sinus and part of the zygoma, with an almost complete disappearance of the ipsilateral maxillary alveolar bone (Figure 2) . The radiologist's report concluded that it could be a radicular cyst since the root of the second premolar was within the lesion.
Biopsy of the lesion showed the existence of epithelial proliferation of polygonal elements with prominent intercellular bridges, enlarged and pleomorphic nucleus with a low proliferative tendency and the presence of homogenous eosinophilic "amyloid like" material interspersed between the cells (Figure 3) . The histopathologic diagnosis was calcifying epithelial odontogenic tumor.
One month after the biopsy, the patient underwent surgery with general anesthesia; the tumor was removed with margins of at least 1.5 cm and a reconstruction of the defect through a left temporal flap was done. The Pathological report of the specimen extracted confirmed the result of the biopsy. Representive tissue sections con- taining the areas of CEOT were inmunohistochemically stained for Ki-67 (Figure 4) . Tumor proliferative activity determined by the Ki-67 labeling index (percentage) was assessed by counting 1000 tumor cells per tissue section. Tumor proliferation rate as defined by Ki-67 labeling index was lower than 10%. The neoplastic cells showed positive immunoreactivity to odontogenic epithelium specific cytokeratin (CK19). No recurrences have been found after 8 years of follow-up.
Discussion
The CEOT has been described as a typically benign tumor [2] , eight cases have been reported in the English literature with metastases and aggressive infiltration [9] . The involvement of the maxillary sinus tumor has previously been published only in six cases, and it is extremely rare [4] [11]- [15] . We report a case of CEOT that invades the maxillary sinus in a 69-year-old male.
Most of the CEOTs are indolent and are discovered by a routine radiological examination. Frequently clinical findings are a slow-growing painless swelling, expansible, with very thin cortical walls described as "egg-shell", and 60% of cases located in mandible posterior body to ascending ramus region [2] . However, if the lesion is located in the maxilla, the most common symptom is nasal obstruction [15] , and in advanced cases the displacement of the ocular globe has been reported [4] .
Three stages of evolution for this entity are radiographically recognized. The first one shows a radiolucent image, similar to a dentigerous cyst, especially if there is an unerupted tooth involved [5] . In a second stage, intratumoral calcifications can occur and are not pathognomonic [5] , showing a mixed pattern of "wind driven snow" [2] [4]. Finally, bone destruction and tumor calcification show a multilobulated pattern of small and large spaces known as "honeycomb" and "soap bubble", respectively [2] . If the CEOT is located in the posterior mandible segments, misinterpretation with ameloblastomas is very likely [7] .
The histologic pattern is typical and well defined [7] . Characteristically there are large polygonal epithelial cells with well-defined borders, often joined by prominent intercellular bridges, hyperchromatic nucleous located between a homogenous eosinophilic "amyloid-like" material, which gradually becomes calcified, forming the "Liesengang rings" [5] [7] , which are considered pathognomonic for this tumor [1] . The eosinophilic material in our case has an apple-green birefringence under polarized light after staining with Congo red. The neoplasm- tic cells of the present study showed positive immunoreactivity to CK19. These results indicate the epithelial nature of the CEOT-neoplastic cells [10] . Additionally, the morphology of these neoplastic cells suggests that they are of squamous epithelial origin [10] .
However, others variants of not-calcifying CEOT have been recently described, CEOT with Langerhans cells and CEOT with cement-like and bone-like material, they are known to be less aggressive. Treatment is a more conservative surgical approach [1] [9] . Other variants are CEOT associated to adenomatoid odontogenic tumor and clear cell CEOT, this one, is more aggressive with a higher rate of recurrence, so more radical surgical treatment would be indicated [9] .
The differential diagnosis for CEOTs are ameloblastoma, odontogenic myxoma, ameloblastic fibroma, ameloblastic fibro-odontoma, dentigerous cyst, keratocystic odontogenic tumor, ossifying fibroma and central giant cell granuloma [2] [5] .
Treatment of intraosseous CEOT is surgical, either conservative (enucleation or curettage) or more aggressive (marginal or segmental resection), but the decision must analyze many features such as size and location of the neoplasm, degree of bone destruction, histological findings, and the patient's age and overall condition [1] - [3] [5]. In general, we recommend enucleation with curettage in small mandibular lesions [3] . Resection with tumor free bone margins of at least 1 cm will be recommend in lesions larger than 4 cm [2] , recurrence [5] or involvement of the maxilla, as this location shows a higher growth rate to invade vital structures [2] [3] [16] . Treatment of extraosseous CEOT is also surgical, but could be a simple local excision [2] .
The intraosseous CEOT shows a recurrence rate of 14% -15% [1] - [3] [5] [16] , whereas extraosseous CEOT does not have any recurrence case documented [2] . Due to the wide range of intraosseous CEOT recurrence in years or decades, annual follow-up examination with radiographic survey is recommended [2] .
Conclusion
This report documents a new case of CEOT localized in the left maxilla with extension to the maxillary sinus. Only six cases have been previously published. Despite the advanced age of the patient and the low rate of tumor proliferation with a low Ki-67, it may lead us to suggest that the time of disease evolution could not participate in the malignant transformation of this entity. There is no evidence of recurrences after 8 years of annual follow-up examination; this confirms the hypothesis that resection with tumor free bone margins lead to fewer recurrences.
